Materials and Methods
Specimens examined were determined to be juvenile or adult using the method described by Hoffmeister and Zimmerman (1967) . Only adults were analyzed. Many specimen labels lacked skin measurements and others were represented by a skull only. Accordingly, to maximize sample size, only measurements from skulls were used and data from males and females were combined. A total of 26 skull measurements were taken by caliper to the nearest 0.05 mm. Measurements taken of the skull are the same as described by Diersing and Wilson (1980) and Diersing (1981) .
Pooled samples.-After numerous exploratory comparisons among geographically adjacent individuals, using both univariate and Principal Components Analysis (PCA), the majority of individuals were grouped into 1 of 11 pooled samples. The approximate geographic location of these pooled samples and their current taxonomy (Table 1) follows Diersing (1981) for Central America and Hershkovitz (1950) for northwestern South America except for S. sanctaemartae, which follows . Specific locality data for each pooled sample are provided in the list of specimens examined (Supplementary Appendix I). All pooled samples are here referred to S. brasiliensis, except sample 1, which is referable to S. dicei, and sample 4, which is referable to S. sanctaemartae. In a few cases, where complete data could not be collected from a broken skull, these characters were estimated based on other, highly correlated, measurements. With 1 exception, skulls were not used if more than 3 of 26 measurements had to be estimated. Geographic variation was assessed using Discriminant Function Analysis (DFA). Two individuals could not be assigned to any pooled sample because the skull morphology seemed to differ from geographically adjacent specimens but was similar to very distant specimens. These individuals were treated as "unknowns" in the DFA of pooled samples and discussed below. The statistical package, PAST, developed by Hammer et al. (2001) was used for all analyses. Accuracy of DFA was determined using the jackknife cross-validation procedure and 95% confidence intervals. Bivariate plots are provided as a means to quickly identify additional specimens. A table of measurements for each skull character, by pooled sample, is shown in Supplementary Appendix II.
Recognition of species.-Excluding S. brasiliensis and S. sanctaemartae, no other species of Sylvilagus occur in the study area (Colombia, Ecuador, and Peru), except in the lowlands of Colombia. In this area, Sylvilagus floridanus is known from the northern lowlands and the southern Magdalena Valley between the Central and Eastern Andes. Skulls of S. brasiliensis and S. sanctaemartae from these lowlands can be recognized from S. floridanus as follows: 1) shield-bullae depth 19.35 mm or less in S. brasiliensis-sanctaemartae compared to S. floridanus which is 20.1 mm or more; 2) bulla length plus mandible ramus depth 19.95 mm or less versus 21.0 mm or more; and 3) rostrum depth plus shield-bullae depth 34.1 mm or less versus 36.05 mm or more. The S. floridanus data are based on examination of 31 skulls: 23 from northern Colombia and 8 from the Magdalena Valley of central Colombia. Sylvilagus varynaensis is not known from the study area but is reported from the lowlands (120-190 m) of west-central Venezuela in the states of Blarinas, Portuguesa, and Guarico. According to Durant and Guevara (2001) , it is more closely related to S. brasiliensis than to S. floridanus in having 3 pairs of teats (rather than 4) and a small, unicolored, "button-shaped" tail, rather than large and bicolored. Average sizes for 10 adults of S. varynaensis (5 male and 5 female paratypes) calculated from data presented by Durant and Guevara (2001) are greatest skull length 79.2 mm, braincase breadth 27.25 mm, zygomatic breadth 38.55 mm, and breadth across the nasals 16.21 mm. This latter measurement is based on 45 adults throughout the range of the species. During the current study, no skulls were examined that closely approximate the large size of this species.
results
Geographic variation within the currently recognized S. brasiliensis, S. sanctaemartae, and S. dicei was described over a distance of about 3,300 km from Costa Rica southeastward through Panama, Colombia, Ecuador, and Peru. This variation was described using 4 DFAs with each providing a detailed analysis of a few geographically adjacent pooled samples and, in 1 case, 2 individuals treated as "unknowns."
A DFA (Fig. 1 ) was conducted on 5 geographically contiguous samples from Costa Rica to the Western and Central Andes of Colombia. In an earlier study, Diersing (1981) analyzed rabbits from Costa Rica and Panama and found those from the Cordillera de Talamanca of Costa Rica and Panama (sample 1 of this study) were referable to S. dicei and those from the lowlands of Costa Rica and Panama were referable to S. brasiliensis (samples 2 and 3 of this study). Rabbits from Colombia were not analyzed. Accordingly, rabbits from Costa Rica and Panama were here reevaluated concurrently with those from the adjacent northern lowlands of Colombia (sample 4) and Western and Central Andes of Colombia (sample 5). The DFA used all 26 cranial characters and 105 rabbits were analyzed. The 1st variate explained 68.57% of the variation and the 2nd variate explained an additional 20.53%. Collectively, the 2 variates separated the 5 pooled samples into 3 distinct morphological groups: 1) lowland samples (2-4) from Costa Rica to northern Colombia; 2) highland sample 1 from the Cordillera de Talamanca of Costa Rica and Panama; and 3) highland sample 5 from the Western and Central Andes of Colombia. The 3 morphological groups were separated in the character space beyond the 95% confidence interval. Pooled samples (2-4), all lowlands samples, were remarkably similar and broadly overlapped each other in the character space. Character loadings are provided in Supplementary Data SD1. The 1st axis separated samples primarily on overall size and the 2nd axis separated rabbits primarily on skull size (length and breadth), palate length, and bulla length. None of the rabbits comprising the highland samples (1 and 5) classified or jackknifed outside its given sample. Rabbits comprising the lowland samples (2-4) often classified with another lowland sample or jackknifed into another lowland sample. However, none classified with or jackknifed into the highland samples.
The 2nd DFA was conducted on 5 pooled samples from the lowlands of eastern Panama and northern Colombia (samples 3-4), Western and Central Andes of Colombia (5), and northern and southern Andes of Ecuador (7-8). In addition, 2 rabbits from the humid, tropical lowlands of extreme northwestern Ecuador were not assigned to any sample and were treated as "unknowns" in the analysis. The DFA (Fig. 2) was conducted on these 5 geographically adjacent samples totaling 82 rabbits. The 5 polygons in the figure outline the morphological distribution of individuals for each pooled sample. The ellipses are the 95% confidence limits for each pooled sample. The 1st variate explained 54.67% of the total variation and the 2nd variate accounted for an additional 37.44% of the total variation. Together the 2 variates separated the 5 samples into 3 morphological groups: 1) samples 3-4 from the lowlands of eastern Panama and northern Colombia; 2) sample 5 from the Western and Central Andes of Colombia; and 3) samples 7-8 from the Andes of Ecuador. The 1st variate was largely a size variate with all 26 characters contributing. The 2nd variate was largely a shape or proportions variate with various measures of length (incisive foramen length, diastema length, basal length, and greatest skull length) being contrasted against various measures of width and depth (carotid foramina breadth, nasals breadth, and shield-bullae depth). In general, rabbits from the Western and Central Andes of Colombia (sample 5) were large in size and all others were small in size, with those from the northern Andes of Ecuador (sample 7) averaging the smallest. Rabbits from the Andes of Ecuador had a short rostrum (reflected in diastema length and incisive foramen length) and deep and broader skull (reflected in shield-bullae depth, carotid foramina breadth, and nasals breadth). Rabbits from the lowlands of Panama and Colombia were the opposite in these skull features. Character loadings are provided in Supplementary Data SD2. The 2 unknown rabbits, from the lowlands of northwestern Ecuador represented by a "x" in Fig. 2 , classified within the polygon of rabbits from the lowlands of eastern Panama (sample 3).
An analysis of geographic variation, by DFA (Fig. 3) , was executed on 82 rabbits from the Andes of Colombia and Ecuador (5-8) and lowlands of the Orinoco and Amazon basins in Colombia, Ecuador, and Peru (10-11). The analysis showed these 6 pooled samples form 4 morphological groups in the character space. The 1st variate explained 67.95% of the total variation and variate 2 explained an additional 22.57% of the total variation. The 4 morphological groups were from the: 1) Western and Central Andes of Colombia; 2) Eastern Andes of Colombia; 3) Andes of Ecuador; and 4) Orinoco and Amazon lowlands of Colombia, Ecuador, and Peru. These 4 groups were widely separated except for sample 6 from the Eastern Andes of Colombia which had a large ellipse because of its small sample size (n = 5). None of the specimens in the analysis jackknifed outside its morphological group except for 1 rabbit from sample 6 (CM 3610) which jackknifed into sample 8. The 1st variate was largely a size variate with rabbits from the Western and Central Andes of Colombia being the largest. Rabbits from the Andes of Ecuador were the smallest, and rabbits from the lowlands of Colombia, Ecuador, and Peru and those from the Eastern Andes of Colombia were intermediate in size. The 2nd variate was largely a shape variate and separated the intermediate-sized rabbits from the Eastern Andes from those from the lowlands of Colombia, Ecuador, and Peru. Rabbits from the Orinoco and Amazon basins were unique in having long incisive foramina, wide postdental breadth, short palate, and broad breadth across the maxillary toothrows and those from the Andes of Ecuador were the opposite in these characters. Characters loadings are provided in Supplementary Data SD3.
A DFA was used to compare 65 rabbits comprising pooled samples 7-11. These samples were from the high Andes of Ecuador (7-8), low Orinoco and Amazon basins of Colombia, Ecuador, and Peru (10-11), and intermediate elevations from extreme southwestern Ecuador and adjacent west-central Peru (9). In the analysis (Fig. 4) , the ellipses are the 95% confidence Under current taxonomy, all samples are referred to Sylvilagus brasiliensis. This study concludes that sample 5 is referable to S. fulvescens, sample 6 is S. apollinaris, samples 7-8 are S. brasiliensis andinus, and samples 10-11 are S. brasiliensis defilippi.
limit for each pooled sample. The ellipses of samples 7-8 from the Andes of Ecuador were widely separated from the ellipses of samples 10-11 from the Orinoco and Amazon basins of Colombia, Ecuador, and Peru. The ellipse of sample 9, from intermediate elevations, bridges these 2 morphological groups in the character space. The 1st variate accounted for 78.22% of the total variation and the 2nd variate accounted for an additional 13.18% of the total variation. Characters contributing most to the separation of the 2 groups were incisive foramen length, breadth across maxillary toothrows, and zygomatic breadth contrasted against palate length and shield-bullae depth. Rabbits from the Orinoco and Amazon basins had long incisive foramina, broad breadth across maxillary toothrows, broad breadth across zygomatic arches, short palate, and shallow shield-bullae depth. Rabbits from the Andes of Ecuador were the opposite in these characters. Rabbits from intermediate elevations (sample 9) were, on average, morphologically intermediate in these characters. Character loadings are provided in Supplementary Data SD4.
discussion
The morphological analysis of rabbits previously referred to S. brasiliensis and S. sanctaemartae from Colombia, Ecuador, and Peru (samples 1-11) showed there are 5 distinct morphological forms (Fig. 5 ). One form, referable to S. gabbi, occurs in the northern Magdalena Valley of Colombia and about 800 km to the south-southwest in northwestern Ecuador. All specimens are from elevations less than about 400 m. In addition to the specimens we examined, Castañeda et al. (2015) reported on the cranial morphology of 22 rabbits and a karyotype from Tolima Department, Colombia. These rabbits were collected from 250 to 700 m in the southern Magdalena Valley. The cranial measurements reported for these rabbits, which the authors identified as S. brasiliensis, compare closely with the measurements of S. gabbi in this study. In addition, Castañeda et al. (2015) reported these rabbits have a chromosome number of 2n = 38, which is the same diploid number for 2 specimens referred to S. gabbi from Panama by Ruedas and Salazar-Bravo (2007) . The morphology of S. g. gabbi is remarkably similar throughout its range from east-central Guatemala to Colombia and northwestern Ecuador. Accordingly, it is also likely that S. g. gabbi has a diploid karyotype of 38 throughout its range. Ruedas (2017) elevated S. gabbi sanctaemartae (= S. brasiliensis sanctaemartae of Ruedas) from the lowlands of northern Colombia (sample 4 of this study) to species level (= S. sanctaemartae) but did so without any comparison to adjacent populations from Costa Rica and Panama (samples 2-3 of this study). The DFA in Fig. 1 of this study shows clearly that rabbits from the lowlands of northern Colombia are indistinguishable from rabbits of the lowlands of Panama and Costa Rica, including topotypical specimens of S. gabbi. Accordingly, S. gabbi sanctaemartae is a synonym of S. g. gabbi. Also see "Remarks" under "Taxonomy" for additional information on the distribution of S. gabbi in the central Magdalena Valley of Colombia. There are no records of S. gabbi from the Pacific lowland forests of western Colombia. However, since specimens are available from the wet tropical lowlands of extreme northwestern Ecuador (Esmeraldas Province), it is likely that S. gabbi occurs at lower elevations west of the Andes in Colombia. The southern geographical limit of S. gabbi may not extend farther south in Ecuador than Esmeraldas Province since precipitation decreases and becomes more seasonal farther south.
A 2nd morphological form identified by multivariate statistics occurs in the Western and Central Andes of Colombia at elevations between 1,700 and 3,500 m and is referable to S. fulvescens. Specimens were examined from the northern regions of the mountains near Medellin, Antioquia Department, and about 600 km southward, in southern regions of the mountains near Charguayaco, Cauca Department. No adults were examined from mid-latitudes in Valle del Cauca and Tolima departments and it is uncertain if this species has a continuous distribution on the Western and Central Andes of Colombia. However, specimens from both regions (north and south) are remarkably similar, suggesting a continuous distribution in Colombia. This species has the largest rostrum of all species (as measured by rostrum depth, breadth across the nasals, and breadth across the infraorbital canals).
A 3rd morphological form is known by only a few adult specimens from the Eastern Andes of Colombia near Bogota, Cundinamarca Department and a single specimen about 350 km to the north at Paramo de Guerrero, Norte de Santander Department. This species is referable to S. apollinaris. Records show it occurs from 1,263 to 2,681 m near Bogota and at 3,000 m at Paramo de Guerrero. Because of the small sample, the taxonomic status of this species is tentative. Unlike S. fulvescens from the Western and Central Andes of Colombia, this species has a small rostrum. Based on available specimens, it is distinguishable from all adjacent species; however, its full range of variation remains to be documented.
The 4th morphological form occurs long a 500-km length of the Andes in Ecuador (samples 7-8) and the 5th morphological form occupies the Orinoco and Amazon basins of Colombia, Ecuador, and Peru (samples 10-11), a north-south distance of about 2,300 km. In these 2 areas (Andes of Ecuador and adjacent Orinoco-Amazon basins), the 2 forms are so different from each other that they appear to be distinct species. However, in the Amotape-Huancabamba Zone of extreme southern Ecuador and west-central Peru (sample 9), the 2 forms intergrade. The form from the Andes of Ecuador (including the southwestern foothills) is referable to S. brasiliensis andinus and the form east of the Andes from the Orinoco and Amazon basins is . Each symbol represents the geographic location of a rabbit(s) from which data were collected and used in the Discriminant Function Analyses. Numbers in the legend and map are pooled sample numbers. The approximate distribution of the Amotape-Huancabamba Zone is outlined in the figure. The general location of rabbits comprising each pooled sample is described in Table 1 with specific locality data provided in the list of specimens examined (Supplementary Appendix I). referable to S. brasiliensis defilippi. In the Andes of Ecuador, S. b. andinus (samples 7-8) occurs at high elevations ranging from 2,600 to 4,000 m, except for 1 specimen from the southwestern foothills of the Andes at 610 m from Daule, Guayas Province. In contrast, S. b. defilippi is recorded from low elevations ranging from 220 to 1,000 m (samples 10-11). Rabbits from the Amotape-Huancabamba Zone (sample 9) occur at intermediate elevations from 762 to 2,500 m. The AmotapeHuancabamba Zone bridges the Northern Andes of Ecuador, Central Andes of Peru, and Amazon Basin. In this depression, the continental divide drops to about 2,145 m and the area is a complex of isolated mountains separated by valleys created by the Huancabamba, Maranon, and Utcubamba rivers (Weigend 2002 (Weigend , 2004 . The unique interdigitation of landforms and fragmentation of habitats is undoubtedly the primary factor creating large contact zones between these 2 subspecies. The AmotapeHuancabamba Zone, as described by Stern et al. (2008) , is outlined in Fig. 5 . Outside the Amotape-Huancabamba Zone, the morphology of S. b. defilippi is extremely uniform from northcentral Colombia to southeastern Peru. In comparison, the morphology of S. b. andinus varies from north to south. Rabbits from northern Ecuador (sample 7), compared to rabbits from southern Ecuador (sample 8), are, on average, smaller, with relatively larger auditory bullae, shorter palate, and narrower postdental breadth. A bivariate analysis (Fig. 6 ) plotting palate length against postdental breadth plus incisive foramen length widely separates S. b. andinus from southern Ecuador (sample 8) from S. b. defilippi from the Orinoco and Amazon basins of Colombia, Ecuador, and Peru (samples 10-11). Rabbits from the Amotape-Huancabamba Zone (sample 9) are morphologically nearly intermediate, on average, between the 2 taxa, although best referred to S. b. andinus.
The 9 rabbits comprising sample 9 from the AmotapeHuancabamba Zone are from extreme southern Ecuador (Loja Province) and adjacent west-central Peru (Amazonas, Cajamarca, and Piura regions), an area about 350 km northwest to southeast by about 150 km southwest to northeast. The morphology of these 9 rabbits ranges from that typical of S. b. andinus from the southern Andes of Ecuador (sample 8) to that typical of S. b. defilippi from the lowlands of southern Peru, Ecuador, and Colombia (samples 10-11). However, 7 of 9 rabbits are about intermediate in morphology and occupy the character space between samples 7 and 8 from the Andes of Ecuador and samples 10 and 11 from the Orinoco and Amazon basins of Colombia, Ecuador, and Peru. Two specimens are from Guachanama, Ecuador (AMNH 60517 and AMNH 60515) and they cluster closest to the lowland samples. Two others (FMNH 81194 and AMNH 64046) are from Canchaque and Huancabamba, Peru, respectively. These 2 locations are about 25 km from each other. The rabbit from Canchaque is morphologically most like S. b. andinus from the southern Andes and the specimen from Huancabamba is somewhat intermediate in morphology but most like S. b. defilippi from the Amazon Basin. We also considered that S. b. andinus and S. b. defilippi could be better treated as 2 distinct species with a zone of hybridization in the Amotape-Huancabamba Zone based on criteria described by Baker and Bradley (2006) . We rejected this approach because of the large zone of integration (rather than narrow) and because morphological introgression is evident outside the zone of intergradation in samples 7-8 of S. b. andinus. , in their study of South American S. brasiliensis, concluded that S. b. andinus (type locality in the northern Andes of Ecuador) is a distinct species separate from S. b. brasiliensis (type locality in eastern Brazil). They based their conclusion primarily on: 1) a PCA of skull measurements from 10 individuals of S. b. andinus from the northern Andes of Ecuador and 1 specimen of S. b. brasiliensis (the neotype for that taxon) from eastern Brazil; 2) dental attributes of 8 specimens of S. b. andinus from the northern Andes of Ecuador and 2 specimens of S. b. brasiliensis from eastern Brazil; 3) differences in qualitative features of skulls such as rugosities, pitting, suture shapes, and process sizes; and 4) a molecular analysis that included 6 specimens from Ecuador (5 northern Andes and 1 Amazon Basin), 1 from Peru, 1 from Bolivia, 2 from Paraguay, and 2 from eastern Brazil (S. brasiliensis neotype plus 1 other). In the PCA, the neotype separated from the 10 andinus in the character space based primarily on overall larger size of the neotype. In the molecular analysis, all 5 of the lowland specimens from Ecuador, Peru, Bolivia, and Paraguay appear to cluster together with the neotype. Of the 5 rabbits from the northern Andes of Ecuador, 3 clustered with the lowland sample (Ecuador, Peru, Bolivia, and Paraguay) and 2 clustered together, but genetically distant from all others. The 2 that clustered separately and distantly (GenBank numbers KU057258 and KU057259) were interpreted by the authors to be S. andinus and the other 3 S. brasiliensis. As Ruedas et al. (2017:45) stated, "...the molecular data presented above conclusively demonstrate that members of the "lowland" clade of S. brasiliensis are parapatric or perhaps even sympatric with S. andinus at almost the highest elevations reached by the latter in the Andes." From a morphology perspective, we only observed 1 skull type from the Andes of Ecuador and a different skull type from the adjacent lowlands of the Orinoco and Amazon basins. Certainly, additional studies are needed to further clarify the systematic status and distribution of "andinus." Any future morphological study also must ensure that nongeographic variation is clearly distinguished from geographic variation and the results statistically supported. Based on our current data, we prefer to keep andinus from the Andes of Ecuador a subspecies of S. brasiliensis (samples 7-8), those from the adjacent eastern lowlands (samples 10-11) referable to S. b. defilippi, and those from the Amotape-Huancabamba Zone as intergrades between the 2 subspecies, but best referred to S. b. andinus.
To our knowledge, there are no published chromosomal data from rabbits in the study area except for S. gabbi (2n = 38) from the southern Magdalena Valley (Castañeda et al. 2015) . Outside the study area in eastern South America, Langguth and Nobrega de Sousa (2003) Diagnosis.-Of all the mountain-inhabiting rabbits examined in this study, this species has the largest skull (greatest skull length and zygomatic breadth). The braincase is large, nasals long but narrow, maxillary toothrows long and broad, postdental breadth wide, breadth across carotid foramina wide, incisive foramina long, diastema long, basioccipital long and broad, auditory bullae relatively small, palate short, rostrum depth shallow. See Diersing (1981) Remarks.-In addition to the 16 specimens (adults plus juveniles) reported by Diersing (1981) , 3 additional adult specimens, all from Panama, are reported in this study. Castañeda et al. (2015) on the cranial morphology and karyotype of rabbits from the southern Magdalena Valley. See "Remarks."
Sylvilagus gabbi
Diagnosis.-Skull generally small to medium sized (greatest skull length and zygomatic breadth) with proportionately large maxillary and mandibular toothrows, small auditory bullae (particularly reflected in shallow shield-bullae depth), narrow braincase, short nasals, shallow rostrum depth, narrow postdental breadth, long palate, and short-to medium-length incisive foramina.
Comparisons.-For comparison of S. gabbi with S. dicei from Central America, S. fulvescens from the Western and Central Andes of Colombia, S. apollinaris from the Eastern Andes of Colombia, and S. brasiliensis andinus from the Andes of Ecuador, see "Comparisons" under those species. Although their distribution is separated by the Northern Andes, S. g. gabbi differs from S. brasiliensis defilippi in having a longer palate and narrower postdental breadth, narrower skull (reflected in zygomatic breadth, braincase breadth, nasal breadth, breadth across the maxillary toothrows, and bullae breadth), and shallower skull (skull depth). The skulls of both species are about equal in length (greatest skull length, basal length).
Remarks.-Sylvilagus g. gabbi exhibits no observable pattern of geographic variation throughout its range from eastcentral Guatemala to Colombia and northwestern Ecuador.
Taxonomic assignment of the holotype, S. salentus (= S. b. salentus of Hershkovitz 1950), AMNH 33050, requires a separate discussion. As background, in northwestern Colombia, S. g. gabbi occurs in the northern lowlands from about sea level to 400 m and S. fulvescens occupies the Western and Central Andes from about 1,700 to 3,500 m. Since the type, S. salentus, was collected at 1,895 m from Salento, at head of Rio Quindio, west of Mount Tolima, West Quindio Andes, Caldas Department, one would expect it to be referable to S. fulvescens. The skull is badly broken and most parts are missing. The skull consists of 3 pieces; nasals, part of the maxillary toothrows, and part of the mandible. We could not be certain if the skull is that of an adult. Only 7 cranial measurements could be taken from the skull (palate length, 7.35 mm; nasal length, 28.05 mm; breadth across nasals, 12.2 mm; maxillary toothrow length, 13.55 mm; breadth across maxillary toothrows, 19.9 mm; mandible ramus height, 10.65 mm; and mandibular toothrow length, 14.5 mm). A DFA was executed (not shown) using S. g. gabbi from the northern lowlands of Colombia as 1 reference group and S. fulvescens from the Western and Central Andes of Colombia as the other reference group. Using these 7 cranial measurements, the holotype scored in the middle of the S. g. gabbi reference group. It is interesting to note that the collectors of S. salentus recorded being in Salento at 1,895 m from 25 September to October 8. They also recorded being at Chicoral, 549 m, in the Magdalena Valley from 8 to 12 October. The type was collected on 2 October and they travelled the Quindio Trail from Salento to Chicoral by pack mule, a distance of about 80 km. Although there is no evidence to support it, but given the known habitat requirements of S. gabbi, the holotype may have been taken at a lower elevation along the Quindio Trail, perhaps nearer Chicoral, where S. gabbi is more likely to occur. Accordingly, S. salentus is listed as a synonym of S. gabbi. Thomas (1901:544) described S. surdaster from northwestern Ecuador, stating that its "Skull on the whole is most like that of S. Gabbi." Based on our examination of the holotype (BMNH 01.6.5.16), and another specimen from [El?] Pambilar, Ecuador (BMNH 1.6.5.15), which is probably near the type locality, S. surdaster is typical for S. g. gabbi and as such is a synonym of it. It is likely the distribution of S. g. gabbi is continuous in the humid, tropical forests of eastern Panama, along the Pacific coast of Colombia, to northwestern Ecuador.
Sylvilagus fulvescens
Fulvous Rabbit Lawrence (1993) states this is an error and the correct elevation is 3,050 m.
Subspecies.-Monotypic. Distribution.-Known from the Western and Central Andes (1,700-3,500 m) of Colombia in 2 separate regions: 1) northern mountains near Medellin and 2) southern mountains near Popayan at Charguayaco and Belen (both northeast of Pasto). May occur throughout the Western and Central Andes of Colombia, but no adults were examined from mid-latitude regions.
Diagnosis.-Large overall skull size, particularly in greatest length of the skull, zygomatic breadth, and skull depth. Long, wide, and deep rostrum, reflected in length of nasals, breadth across nasals, rostrum depth, and breadth across infraorbital canals. Relative to overall skull size, maxillary toothrows of medium length and medium breadth (as measured across the maxillary toothrows). Palate length medium, postdental breadth medium, basioccipital long, and auditory bullae small to medium.
Comparisons.-For comparison of S. fulvescens with S. apollinaris, see "Comparisons" under that species. For comparison of S. fulvescens with S. dicei, see "Comparisons" under that species. Although S. fulvescens occurs within 280 km of S. brasiliensis andinus in the northern Andes of Ecuador (sample 7), they are markedly different; i.e., S. fulvescens is much larger and proportionately different in the majority of skull characters, including greatest skull length, zygomatic breadth (33.5 mm or more versus 32.5 mm or less), nasal length (28.85 mm or more versus 28.75 mm or less), breadth across the maxillary toothrows (21.15 mm or more versus 19.85 mm or less), diastema length, rostrum depth (14.7 mm or more versus 13.6 mm or less), infraorbital canals breadth (17.55 mm or more versus 17.05 mm or less), mandible height (33.9 mm or more versus 33.5 mm or less), and mandibular toothrow length (14.95 mm or more versus 14.85 mm or less). The 2 taxa have similar-sized auditory bullae as reflected in bulla length, bullae breadth, and shield-bullae depth. A bivariate plot (Fig. 7) using postdental breadth against rostrum depth separates 24 individuals of S. fulvescens from the Western and Central Andes of Colombia from 16 specimens of S. brasiliensis andinus from the northern Andes of Ecuador.
Sylvilagus fulvescens can be recognized from S. brasiliensis defilippi of the Orinoco and Amazon basins of Colombia, Ecuador, and Peru in having a longer (greatest skull length) but narrower (zygomatic breadth) skull. The rostrum is broader, deeper, and longer (reflected in breadth across the nasals, infraorbital canals breadth, rostrum depth, and nasal length). The auditory bullae are similar in size. The palate is longer, but postdental breadth is narrower and the incisive foramina are shorter. A bivariate plot (Fig. 7) using postdental breadth against rostrum depth separates 24 individuals of S. fulvescens from 26 specimens of S. brasiliensis defilippi.
Sylvilagus fulvescens can be recognized from S. gabbi from northern Colombia in having a generally larger skull as measured in greatest length of the skull, zygomatic breadth, and skull depth. It is particularly larger in length and breadth of the nasals, length and breadth of the maxillary and mandibular toothrows, length of the basioccipital, rostrum depth, and length and height of the mandible. Both taxa are similar-sized for palate length, postdental breadth, basioccipital width, diastema length, and size of the auditory bullae. Sylvilagus g. gabbi has slightly longer incisive foramina. A bivariate plot (Fig. 8) separates all individuals of the 2 species.
Remarks.-In describing S. fulvescens, Allen (1912:477 ) stated "It is nearest in size to S. andinus...". Sylvilagus brasiliensis andinus is a small rabbit. However, both Allen (1912) and Hershkovitz (1950) considered the type, S. fulvescens, to be an adult. Our examination of the type specimen reveals it has an open suture between the supraoccipital and each exoccipital and is definitely a juvenile. The type measures in greatest skull length 61.6 mm, whereas 14 near topotypes, all adults, range from 71.0 to 77.1 mm. Examination of the type, Sylvilagus nicefori, from the northern extent of the Western and Central Andes, near Medellin, shows that it is indistinguishable from near topotypical specimens of S. fulvescens and is, therefore, a synonym of it.
Sylvilagus apollinaris Apollinaris' Cottontail
Sylvilagus apollinaris Thomas, 1920:31 . Sylvilagus brasiliensis apollinaris, Hershkovitz, 1950:363 Diagnosis.-Skull is generally medium in size, particularly in greatest skull length, zygomatic breadth, skull depth, nasals (length and breadth), maxillary toothrows (length and breadth across toothrows), rostrum depth, and basioccipital length. The palate is long and breadth across carotid foramina is broad. The braincase is narrow, mandibular ramus narrow, narrow breadth across the infraorbital canals, and small auditory bullae (as measured in bulla length, bullae breadth, and shield-bullae depth).
Comparisons.-Sylvilagus apollinaris differs from S. fulvescens in having a smaller skull (greatest skull length, zygomatic breadth, and skull depth) with a narrow braincase, shallow rostrum depth, and narrow breadth across the infraorbital canals. A bivariate plot (Fig. 9 ) separates all individuals of the 2 species. Sylvilagus apollinaris differs from S. brasiliensis defilippi in having a narrower braincase (average of 24.2 mm versus 25.3 mm), shorter and narrower nasals (average of 26.5 and 12.7 mm versus 28.7 and 14.6 mm), shorter maxillary toothrows and narrower breadth across maxillary toothrows (13.8 and 20.5 mm versus 14.7 and 21.7 mm), narrower postdental breadth (9.0 mm versus 10.4 mm), deeper shield-bullae depth (19.6 mm versus 18.9 mm), and wider breadth across carotid foramina (12.2 mm versus 11.2 mm). Both taxa have similar-sized auditory bullae and S. apollinaris has a much longer palate (8.1 mm versus 6.0 mm). A bivariate plot (Fig. 9 ) separates all individuals of the 2 species.
Sylvilagus apollinaris differs from S. g. gabbi in having a longer palate (average of 8.1 mm versus 7. 3 mm), longer and broader nasals, deeper shield-bullae depth (average of 19.6 mm versus 18.6 mm), longer basioccipital (average of 8.6 mm versus 7.7 mm), slightly deeper rostrum, and broader breadth across the carotid foramina (average of 12.2 mm versus 11.0 mm). Shield-bullae depth plus breadth across the carotid foramina ranges from 31.35 to 32.5 mm in S. apollinaris and 28.0 to 30.9 mm in S. gabbi (sample 4).
Sylvilagus apollinaris differs from S. brasiliensis andinus in northern Ecuador (sample 7) in general by having a larger skull with relatively smaller auditory bullae. In particular, S. apollinaris has a longer diastema (20.05 mm or more versus 19.2 mm or less), longer palate (7.45 mm or more versus 7.25 mm or less), broader zygomatic breadth (34.1 mm or more versus 34.0 mm or less), and broader breadth across the maxillary toothrows (19.9 mm or more versus 19.85 mm or less).
Remarks.-The southern range limit of S. apollinaris in the Eastern Andes of Colombia may be Las Cruces Pass, Huila Department. This depression has a maximum elevation of about 1,200 m. Likewise, the northern range limit of the species probably ends immediately north of Paramo de Guerrero, Santander Department at the Tachira Depression near the Venezuelan border. This depression is a low saddle that ranges from 300 to 1,700 m. Few specimens are available for this species, therefore, the geographic distribution, morphology, and affinities are poorly understood.
Sylvilagus brasiliensis Forest Rabbit
Distribution.-In the study area, S. brasiliensis occurs in the Andes and southwestern foothills of Ecuador, tropical lowlands of the Orinoco and Amazon basins of Colombia, Ecuador, and Peru. Outside the study area it may occur north to Venezuela, east to Brazil, and south to Argentina. See Bonvicino et al. (2015) and for more detailed information on the distribution of S. brasiliensis in eastern South America.
Subspecies.-Two subspecies occur in the study area: S. b. andinus and S. b. defilippi. The number of subspecies outside the study area is unknown.
Comparisons.-For comparison of S. brasiliensis with S. fulvescens, and S. apollinaris, see "Comparisons" under those species. The distribution of S. gabbi is in close geographic proximity to S. brasiliensis andinus in northwestern Ecuador. Accordingly, the 2 taxa are compared below. In general, the skull of Sylvilagus b. andinus (sample 7) differs from that of S. gabbi (sample 3) by being narrower in zygomatic breadth (but similar in braincase breadth), shorter nasals, narrower breadth across maxillary toothrows, much narrower postdental breadth (mean ± SD: 7.86 ± 0.62 mm versus 9.59 ± 0.42 mm), shorter incisive foramina, and shorter diastema, but larger bullae breadth, particularly as reflected in shield-bullae depth (mean ± SD: 19.90 ± 0.54 mm versus 18.57 ± 0.46 mm). The 2 specimens of S. gabbi from northwestern Ecuador are also consistent with these measurements. See Supplementary Appendix II for skull measurements. Distribution.-In the study area, occurring throughout the lowland tropical forests east of the Andes from Boyaca Department, northern Colombia southward through eastern Ecuador and Peru, a north-south distance of about 2,300 km. Intergrades with S. b. andinus in the Amotape-Huancabamba Zone of extreme southern Ecuador and adjacent west-central Peru. The distribution of this subspecies east of the study area is unknown.
Diagnosis.-Skull is medium in length (greatest skull length) but very broad (zygomatic breadth, breadth across maxillary toothrows, and postdental breadth), palate short, incisive foramina relatively long, mesopterygoid fossa noticeably broad, rostrum medium in length (nasal length, diastema length), width (breadth across nasals and infraorbital canals breadth), and depth (rostrum depth), and auditory bullae medium in size.
Comparisons.-Sylvilagus b. defilippi (samples 10-11) differs from S. b. andinus (samples 7-8), on average, in having a larger skull (greatest skull length, zygomatic breadth, and skull depth), longer incisive foramen but diastema length only slightly longer, with much broader breadth across the maxillary toothrows (20.0 mm or more versus 19.85 mm or less), broader postdental breadth (9.65 mm or more versus 9.5 mm or less), but with a shallower shield-bullae depth, narrower breadth across the carotid foramina, and shorter palate (except sample 7). Rabbits comprising sample 9 from the AmotapeHuancabamba Zone of extreme southern Ecuador and adjacent west-central Peru are intergrades between the 2 distinctive subspecies. A few rabbits from this zone are most like S. b. andinus in morphology, others are more like S. b. defilippi, but most exhibit multiple characters than are intermediate between the subspecies and are clear intergrades. Overall, this sample is best referred to S. b. andinus.
Remarks.-Few specimens are available from Colombia, Ecuador, and Peru; however, the ones examined show no discernable pattern in geographic variation based on the large geographic area occupied.
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